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A nucleotide sequence in the translation start signal region is involved in
heat shock-induced translation arrest in Escherichia coli
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In Escherichia coli synthesis of several proteins is transiently depressed upon heat shock treatment. A comparison of nucleotide sequences of the
genes encoding these proteins revealed the occurrence of a consensus sequence, GAGGAA(N), _(ATG, in their translation start signal region. To
examine whether this sequence is involved in heat shock-induced depression of protein synthesis, DNA segments corresponding to this region of
four of these genes, fusA, rpoB, ginS, and pheT, were synthesized, and each of them was fused in frame with the lacZ gene on the open reading
frame vector pORF1. The effect of heat shock on the synthesis of f-galactosidase encoded by these fused genes was then studied in E. coli. It
was thus found that f-galactosidase synthesis starting from the inserted translation start signal was arrested transiently upon temperature shift-up
from 30 to 42°C. I conclude that the heat shock-induced depression of gene expression is an event taking place at the initiation of translation.

Translation arrest; Translation start signal; Heat shock; Gene amp; Gene fus; Gene rpoB; Gene ginS; Gene pheT; Escherichia coli

1. INTRODUCTION

When Escherichia coli is exposed to heat shock, syn-
thesis of several proteins is enhanced and that of
another set of proteins is depressed transiently [1].
Although heat shock-induced stimulation of protein
synthesis has been studied extensively, little is as yet
known of the transient depression of protein synthesis
[2]. 1 have recently reported that synthesis of @&-
lactamase encoded by the amp gene of pBR322 in E.
coli ceases transiently as a result of temperature shift-
up and that this arrest takes place at the translational
level [3]. I have also found that an element involved in
this arrest is located in the amp translation start signal
region' [4,5], which is composed of a Shine-Dalgarno
sequence (AAGGA) [6] and the start codon (ATG)
separated by a pentanucleotide spacer (AGAGT) [7].
These findings suggest that upon heat shock treatment
expression of the amp gene is transiently shut off at the
initial step of translation. Since the genome of E. coli
contains a number of genes such as fusA [8], rpoB [9],
ginS [10], and pheT [11], expression of which is tran-
siently depressed by heat shock, it was of interest to ex-
amine if these genes also contain, in their translation
start signal regions, an element similar to that detected
in the amp gene.

! Translation start signals are defined as those consisting of a Shine-
Dalgarno sequence, an initiation codon, and a spacer of 3-11
nucleotides between them. The ribosome binding site of mRNA in-
cludes this signal

Correspondence address: Y. Kuriki, Institute for Protein Research,
Osaka University, 3-2 Yamadaoka, Suita, Osaka 565, Japan

Published by Eisevier Science Publishers B.V. (Biomedical Division)
00145793/90/$3.50 © 1990 Federation of European Biochemical Societies

In this study, I found a sequence similarity between
the translation start signal region of the amp gene and
those of E. coli genes, expression of which is transiently
depressed by heat shock. A consensus of the sequences
of the region was found to be GAGGAA(N)3;_¢ATG,
where N is any nucleotide. Since this finding raised the
possibility that the mechanism of heat shock-induced
depression of the expression of these E. coli genes is
similar to that operating in the expression of the amp
gene, I examined whether the translation start signals
of these genes are actually involved in the heat shock-
induced arrest of gene expression, as is the case for the
corresponding region of the amp gene.

2. MATERIALS AND METHODS

2.1. Materials

The following materials were obtained from the sources indicated:
Restriction endonucleases (New England Biolab and Nippon Gene);
T4 DNA ligase (Boehringer Mannheim); M13mpl0 phage,
[-**S]dCTP (3000 Ci/mmol) and DNA sequencing kit (Amersham);
all reagents required for oligodeoxynucleotide synthesis (Applied
Biosystems); and 5-bromo-4-chloro-3-indolyl-3-galactoside (X-Gal)
(Wako Chemicals). The open reading frame vector pORF1 [12] was
propagated in E. coli and purified as described [13].

2.2. Medium

L-broth {13] was used. When necessary, X-Gal dissolved in N,N-
methylformamide (10 mg/ml) and ampicillin were added to L-broth
to concentrations of 10 and 100 xzg/ml, respectively.

2.3. Synthesis of translation start signals and their insertion into
PORF]

All DNA manipulations were conducted by standard methods [13].
Oligodeoxynucleotides corresponding to the translation start signals
of the fusA, rpoB, ginS, and pheT genes were synthesized according
to Sinha et al. [14] in an Applied Biosystems model 380B DNA syn-
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thesizer and purified by HPLC on an Aquapore column. The single
stranded DNA synthesized was annealed with the complementary
strand to form double stranded DNA, which was then inserted into
the Smal site of pORF1 by blunt end ligation with T4 DNA ligase.
The constructs were introduced into E. coli JIM109 (recAl A(lac-
proAB) endAl gyrA96 thi-1 hsdR17 relAl supE44/F' traD36 rpoA™
lac? lacZAM1S). For screening the transformants, the cells were
grown on L-broth agarose plates containing ampicillin and X-Gal.
Plasmids were isolated from the transformants showing the Ap’ and
LacZ* phenotypes and characterized by restriction mapping and by
sequencing of the fusion joints by the method of Sanger et al. [15].

2.4, (-Galactosidase assay

B-Galactosidase produced in E. coli by direction of the constructed
plasmids was assayed by the method of Miller [16]. One unit of activi-
ty is defined as an increase in absorbance of 0.001 at 420 nm per min
at 28°C.

3. RESULTS AND DISCUSSION

Table I shows E. coli genes, expression of which has
been reported to be transiently depressed by heat shock
[1]. The nucleotide sequence of the translation start
signal region is known for 12 out of the 17 genes listed.
A comparison of these sequences and that of the cor-
responding region of the amp gene indicates that they
are significantly similar to one another with GAG-
GAA(N);-6ATG as a consensus. In this consensus se-
quence, the 5'-terminal G is followed by a
Shine-Dalgarno sequence (AGGA), which is separated
from the initiation codon (ATG) at the 3’-terminus by
a spacer consisting of 4—7 nucleotides. The 5’-terminus
of the spacer is A, but the rest of it can be any
nucleotides.

Since the translation start signal of the amp gene has
been shown to be responsible for heat shock-induced
arrest of expression of this gene [4,5], it was likely that
the corresponding regions of the E. coli genes listed in
Table I are also involved in the heat shock response.
This possibility was tested with the aid of the open
reading frame vector pORF1 [12], as was successfully
done in analyzing the involvement of the amp transla-
tion start signal in the heat shock response [4,5]. For
this purpose, oligodeoxynucleotides corresponding to
the translation start signals of the fusA, rpoB, ginS,
and pheT genes were designed and synthesized (Table
II). The translation start signal of the amp gene, which
had been previously synthesized [4], was also used.
Each of these oligodeoxynucleotides was inserted into
the Smal site in the polylinker of pORFI1. As was the
case for the insertion of the amp translation start signal
[4] and as can be seen in Fig. 1, this construction
resulted in the fusion of each oligonucleotide in frame
with both the ompF and lacZ frames, but translation of
the lacZ mRNA from the ompF start codon could be
aborted by in frame stop codons designed in advance,
ensuring the synthesis of #-galactosidase only from the
inserted start codon (see Table II). As a control, an oc-
tadecanucleotide (ATA AGG AGG TTT AAC ATG)
was also synthesized and inserted into the same site of
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Table I

E. coli genes, expression of which is transiently depressed by heat-
shock, and nucleotide sequences of their translation start signal

regions
Genes Regions of the translation References
start signal

amp ttgaaa aAGGAA gagt ATG 7
SusA ataaac GAGGAAacaa ATG [8]
ginS cgettt GAGGAA tccacg ATG [10]
leuS acagga cAactg  gctgee ATG [26]
pheS cacaat GAGGAAaacc ATG [11]
pheT ataagg cAGGAA tagatt ATG [11]
rpoA caaaga GAGGAc aca ATG [27]
rpoB cgagct GAGGAAccct ATG [9]
rpsA aaacct GAaGAt taaac ATG 28]
tsf atctcc GAGGAt tttag ATG [29]
tufA aatagt aAGGAA tatagcc GTG [30]
tufB gtetta GAGGgA caatcg ATG [31]
vaiS ggecaac ctGGAA ata ATG [32]
argS

aspS

ghtx

ileS

IysS

Consensus sequence GAGGAA (N);-¢ ATG

The Shine-Dalgarno sequences are shown by bold letters. Consensus

nucleotides appearing in this region are indicated by capital letters.

A consensus sequence deduced from the listed sequences is shown in
the bottom line

pORF1. This oligodeoxynucleotide possesses features
characteristic of a translation start signal, but its Shine-
Dalgarno sequence (TAAGGAGGT) is different from
that of the amp, fusA, rpoB, ginS and pheT genes
(AGGA).

E. coli carrying each of the constructed plasmids was
grown at 30°C to mid-log phase and then the
temperature was shifted to 42°C. Before and after the
temperature shift-up, cell growth and #-galactosidase
activity were measured at 30-min and 5-min intervals,
respectively. As shown in Fig. 2, immediately after the

Table 11
Oligodeoxynucleotides synthesized and inserted into the Smal site of
pORF1
Sources of translation Inserts
start signal
amp at TAA agg aag agt ATG
SusA at TAG agg aaa caa ATG
rpoB at TAG agg aac cct ATG
ginS at TAA gag gaa tcc acc ATG
pheT at TAG cag gaa TAG att ATG

Control ata agg agg T AAc ATG

The stop codon in frame with the ompF reading frame is indicated

with capital letters. The start codon, from which the synthesis of 4-

galactosidase presumably initiates, is indicated with bold capital
letters
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Fig. 1. The open reading frame expression vector pORF1 (top) and
the nucleotide sequence of the ompF frame and JacZ frame fusion
joint (bottom). The synthetic oligodeoxynucleotides shown in Table
II were inserted into the Smal site of pORF1, which is indicated by
an arrow. The direction of transcription from the ompF promoter
(p(ompP)) is also shown by an arrow on pORF1.
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temperature shift-up the cell growth was elevated about
2-fold (doubling time from about 60 to about 30 min)
irrespective of the plasmid introduced. In cells carrying
the ‘control’ plasmid, an increase in #-galactosidase ac-
tivity, in parallel to that of cell mass, took place upon
heat shock treatment. On the other hand, in cells carry-
ing other plasmids derived from pORF1, the lacZ gene
of which was fused with the translation start signal of
the amp or one of the E. coli genes under examination,
practically no increase in $-galactosidase activity was
observed for 15-20 min after the temperature shift-up.
This was followed by a gradual increase in the activity
to catch up with the cell growth rate at 42°C. A pulse-
labeling experiment with these cells at 5 min after the
temperature shift-up showed that this arrest was due to
incapability of the cells to synthesize 3-galactosidase
(data will be published elsewhere).

Although the cellular level of #-galactosidase and the
restoration pattern of its synthetic rate varied depen-
ding on the plasmid introduced into E. coli, the result
shown in Fig. 2 indicates that at least the translation
start signals of the E. coli genes under examination, like
that of the amp gene [4], are involved in the heat shock-
induced, transient repression of 4-galactosidase syn-
thesis. The involvement of the translation start signal
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Fig. 2. Effects of temperature shift-up on growth and G-galactosidase of E. coli carrying the pORF1-derived plasmids. Cells harboring the
constructed plasmids were grown at 30°C to mid-log phase with shaking in 50 ml of L-broth. The temperature was shifted to 42°C at time 0.
Cell mass (C) was estimated from the optical density at 600 nm. F-Galactosidase activity (e) is expressed as units/ml culture.

123



Volume 264, number 1

further suggests that this arrest occurs at the initial step
of translation. An interesting fact is that all of the E.
coli genes listed in Table I encode proteins that are
essential for gene expression. For example, fusA en-
codes EF-G, rpoB #-subunit of RNA polymerase, ginS
glutaminyl-tRNA synthetase, and so on.

It is, however, to be noted that heat shock does not
necessarily cause transient arrest of the expression of all
E. coli genes that possess the consensus sequence GAG-
GAA(N);-6ATG at their translation start signal region.
For example, the translation start signal region of the
rpoH gene has the sequence G AGG ATT TGA ATG
[17], which is almost identical with the deduced consen-
sus sequence. Nevertheless, expression of this gene is
not repressed but rather stimulated upon heat shock
treatment [18—21], and this stimulation takes place not
only at the transcriptional level [19,21—24] but also at
the translation level [19,25]. Therefore, it is likely that,
in addition to the consensus sequence deduced in this
paper, another element or elements are required for
heat shock induced-arrest of gene expression. Alter-
natively, it is possible that the ability of the translation
start signal to repress translation upon heat shock is
completely abolished by the flanking region(s) of the
translation start signal in the rpoH gene. Further
studies are still needed to understand the mechanism of
translational repression in response to heat shock.
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